In this paper, we report synthesis and characterization of well-crystalline iron oxide ( -Fe 2 O 3 ) nanoparticles; the synthesis was performed at temperature ∼90 C. The detailed structural and compositional characterizations confirmed the formation of well-crystalline, rhombohedral crystal structure and pure -Fe 2 O 3 nanoparticles. The magnetic property, however, showed that the synthesized iron oxide nanoparticles are highly super paramagnetic. The as-synthesized Fe 2 O 3 NPs were also utilized as an efficient photocatalysts for the photocatalytic degradation of methyl orange (MO) dye; degradation of MO was observed to be about 80% in the presence of -Fe 2 O 3 nanoparticles within 210 min under UV-light irradiation.
INTRODUCTION
Dyes represent a class of organic pollutants proved potentially carcinogenic. The wastewater effluents of industries, such as textile, leather goods, food, plastics, cosmetics etc. contaminated with such pollutants when released in the environment thus spreads aesthetic pollution and disturbs the ecosystem. Photocatalytic detoxification of such pollutants in industrial affluent stands out as having particular importance among the most environmental remediation techniques, such as adsorption, ultrafiltration, reverse osmosis, etc. because it mineralize the hazardous chemicals without any secondary disposal requirement. [1] [2] [3] [4] Various metal oxide nanomaterials, especially titanium oxide, tin oxide, and zinc oxide are found to be very promising materials for the degradation of organic pollutants in UV-visible light. [5] [6] [7] [8] The hematite ( -Fe 2 O 3 ) is one of the most stable iron oxide under ambient conditions and exhibits various interesting properties. The properties, such as n-type semiconducting behavior, band gap, E g = 2 1 eV, cost effective synthesis, bio-friendly nature, high resistant to corrosion and so on, render -Fe 2 O 3 materials widely used for various applications, to name a few, sensors and actuators, magnetic recording media, catalysts, gas sensor, electronic materials, magnetic devices, optical, photo-electrochemical * Author to whom correspondence should be addressed. and photocatalytic, biological and medical fields, and so on. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] Because of the high electrical conductivity, sensitivity and large surface area, -Fe 2 O 3 is used as an efficient photocatalyst. 19 20 In the present work, we focus our attention on the potential of iron oxide ( -Fe 2 O 3 ) nanomaterials for photocatalytic degradation of MO dye molecules widely used in textile industries. The nanoparticles synthesized by facile solution process at low-temperature ∼90 C have been characterized in terms of their morphological, structural, compositional and magnetic properties using various experimental techniques.
EXPERIMENTAL DETAILS

Synthesis of -Fe 2 O 3 Nanoparticles
Ferrous chloride tetrahydrate (FeCl 2 · 4H 2 O), hexamethylenetetramine (HMTA) and sodium hydroxide (NaOH) were purchased from E. Merck and used as received. De-ionized water (DI) used for all the experiments were obtained from a Millipore-Elix water purification system. The synthesis was performed by mixing 100 ml equimolar (0.05 M) HMTA and FeCl 2 · 4H 2 O under continuous stirring. The pH of the resulting solution was maintained to 9.0 by adding few drops of NaOH solution under continuous stirring. The stirring was continued for 30 min. The final solution was then heated and refluxed at optimized reaction conditions, i.e., 90 C for 6 hrs. After completing the reaction, the reaction mixture was allowed to attain the room temperature. The brown colored precipitates were obtained which were collected after repeatedly washing with DI water and finally with ethanol. The materials were dried in hot air oven and characterized in detail in terms of their morphological, structural, compositional and magnetic properties. Finally, the synthesized materials were used as photocatalyst for the photodegration of methyl orange.
Characterizations of -Fe 2 O 3 Nanoparticles
The morphological investigation of as-synthesized NPs was done by field emission scanning electron microscopy (FESEM; JEOL-JSM-7600F) attached with energy dispersive spectroscopy. The structural characterization was done by X-ray diffractometer (XRD; PANalytical X'Pert PRO) measured with Cu-K radiations ( = 1 54178 Å) in the range of 20-70 with scan speed of 8 min −1 . Fourier transform infrared (FTIR) spectroscopy was used to examine the chemical composition of as-synthesized materials. The magnetic properties of prepared magnetite nanoparticles were investigated by vibrating sample magnetometer (VSM) at room temperature.
Photocatalytic Degradation of Methyl Orange
Using as-Synthesized -Fe 2 O 3 Nanoparticles
To determine the photocatalytic properties of the as-synthesized -Fe 2 O 3 nanoparticles, photocatalytic degradation of methyl orange (MO) was performed under irradiation of UV light for various time intervals using different concentrations of MO. The degradation of MO was monitored by measuring the absorbance at regular time intervals using UV-Visible spectrophotometer Cary 100 Bio at ∼ 465 nm. The degradation reaction was performed in a 250 ml beaker, which contain as--Fe 2 O 3 nanoparticles as photocatalyst. Irradiation was carried out using 125 W Mercury lamps. The rate of degradation for the decomposition of MO (decrease in absorption intensity vs. irradiation time) was estimated by evaluating the change in absorbance on the observed UV-Vis spectra. high density growth, agglomerations in the nanoparticles are also seen. The average sizes of the nanoparticles are in the range of 70 ± 10 nm [ Fig. 2(b) ]. The elemental composition of as-synthesized nanoparticles is examined by energy dispersive spectroscopy. Figure 2 (c) exhibits the typical EDS spectrum of as-prepared nanoparticles which shows well defined peaks for iron (Fe) and oxygen (O). Except, Fe and O, no other peak related with any other element is found in the spectrum which revealed that the synthesized nanoparticles are made of iron and oxygen.
RESULTS AND DISCUSSION
To examine the crystallinity and crystal phases, the assynthesized nanoparticles were examined by X-ray diffraction (XRD) pattern, Figure 2 19 Except rhombohedral -Fe 2 O 3 structures, no other reflections are seen in the pattern which reveals that the synthesized products are pure -Fe 2 O 3 . Moreover, the higher intensity of the synthesized products revealed that the prepared nanoparticles are well-crystallized.
The chemical composition of as-synthesized -Fe 2 O 3 nanoparticles was examined by Fourier transform infrared (FTIR) spectroscopy measured at room-temperature. Figure 3 (a) exhibits the typical FTIR spectrum of assynthesized -Fe 2 O 3 nanoparticles. Interestingly, three well-defined absorption bands have been observed at 455, 575 and 3422 cm −1 . It is reported that the formation of Fe O bond leads the origination of these two peaks hence clearly confirms that the synthesized materials are iron oxide. 19 The appearance of a very short band at 3422 cm −1 is due to the O H stretching mode. 19 No other band related with any functional group has been seen in the spectrum which reveals that the synthesized nanoparticles are pure iron oxide without any significant impurity.
The magnetic properties of as-prepared iron oxide nanoparticles are investigated by vibrating sample magnetometer (VSM) at room temperature. Figure 3(b) shows the typical magnetization versus magnetic field hysteresis loop of as-synthesized -Fe 2 O 3 nanoparticles at room-temperature. The observed graph shows that assynthesized iron oxide nanoparticles are highly superparamagnetic. The saturation magnetization of sample (M s ) was found to be 45 emu/g. The M s value found in nanostructured materials is usually smaller than that of the corresponding bulk phase provided that no change
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Facile Growth and Characterization of -Fe 2 O 3 Nanoparticles for Photocatalytic Degradation of Methyl Orange in ionic configuration occurs. Experimental values of M s in magnetic nanoparticles have been reported to span the 30-50 emu/g range. 21 22 For particles with smaller size the surface curvature is much larger which encourages disordered crystal orientation on the surface, resulting in the significantly decreasing of M s in smaller nanoparticles.
Photocatalytic Degradation of Methyl Orange
Effect of UV Irradiations
The photocatalytic decomposition of methyl orange (MO) was examined by measuring the absorbance at regular time intervals by using UV-Vis spectrophotometer at 465 nm wavelength. The degradation reaction was performed in a 250 ml beaker, which contain 100 ml of MO solution (40 ppm) using varying concentrations (0.10, 0.15 and 0.20 g) of Fe 2 O 3 NPs as photocatalyst. Prior to UV irradiation, the prepared solution suspension was stirred and bubbled with oxygen for at least 15 min in the dark to allow equilibrium of the system so that loss of compound due to the adsorption can be taken into account. Irradiation was carried out using 125 W Mercury lamps. The rate of degradation for the decomposition of MO (decrease in absorption intensity versus irradiation time) was estimated by evaluating the change in absorbance on the observed UV-Vis spectra. Figure 4 exhibits the typical time-dependant UV-Vis absorption spectra of MO in presence of photocatalyst, i.e., as-synthesized -Fe 2 O 3 nanoparticles. The observed absorption spectrum of pure MO exhibits a well-defined peak at 465 nm however with increase in UV irradiation time the absorption intensity of MO was decreases and peak shows a slight blue shift. It is apparent from the obtained absorption spectra that the absorption intensity of MO was decreased with increasing the irradiation time which confirms that the degradation of MO increases with increase the UV light exposure time. As can be observed from the absorption spectra that MO degradation started once the irradiation begins. Therefore, it can be concluded that as-synthesized -Fe 2 O 3 nanoparticles are acting as efficient photocatalyst for the photocatalytic degradation of methyl orange (MO).
Effect of -Fe 2 O 3 Nanoparticles Dosage
The weight of catalyst doses for the photocatalytic degradation of dyes are one of the important parameters. Therefore, to study the effect of catalyst weight, various weights (0.1, 0.15 and 0.20 g for 100 mL of 40 ppm MO solution) of as-synthesized -Fe 2 O 3 nanoparticle were used for the photocatalytic degradation of MO under UV light irradiation. By detailed experiments, interestingly, it was observed that with increasing the catalyst amount, the photo-degradation also increases. Figure 5 (a) exhibits a plot for the variation in the relative concentration (A/A o ) versus time interval for the photo-degradation of MO over various dosages of -Fe 2 O 3 nanoparticles under UV irradiation. It is apparent from the results that no significant photo-degradation was observed under UV light irradiation of MO over -Fe 2 O 3 nanoparticles under UV irradiation. No significant degradation was observed under only UV illumination. However, in the presence of -Fe 2 O 3 nanoparticles under UV illumination a significant degradation (∼81%) of MO dye was observed in 210 min. This fact further confirms that the prepared -Fe 2 O 3 nanoparticles are effective and promising photocatalyst which can be used for the photocatalytic degradation of range of hazardous dyes and chemicals.
CONCLUSION
In summary, well crystalline -Fe 2 O 3 nanoparticles were synthesized by facile solution process at low-temperature of 90 C. The synthesized nanoparticles were characterized in detail in terms of their morphological, structural, compositional and magnetic properties. The detailed studies confirmed that the synthesized nanoparticles are grown in high-density possessing well-crystallinity and rhombohedral crystal structure. The magnetic property shows that the synthesized iron oxide nanoparticles are highly super paramagnetic. In addition to this, the synthesized nanoparticles were used as efficient photocatalysts for the photocatalytic degradation of methyl orange. It was observed that the photocatalytic degradation efficiency was enhanced with increasing the amount of -Fe 2 O 3 and maximum photo degradation was observed when 0.20 g of the photocatalyst was used and over 81% photo-degradation of MO was achieved in 210 min. The presented studies revealed that the -Fe 2 O 3 nanostructures are attractive photocatalyst for the removal of organic dyes and chemicals from waste water.
